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antibody!used,!or!the!mRNA!was!below!the!sensitivity!threshold!of!the!method!used!to!detect!it.!The!size!location!of!the!detected!IL@7!protein!was!not!where!it!was!expected!based!on!its!predicted!size.!When!formed,!IL@7!folds!into!a!20kD!protein!that!is!then!excreted!from!the!cell.!After!excretion,!IL@7!often!forms!a!heterodimer!with!hepatocyte!growth!factor!beta!(HGF@β)!and!functions!as!a!growth!factor!for!pre@pro@B!cell!growth(Mackall!2006).!The!beta!chain!of!HGF!is!34kD!and!when!dimerized!with!the!20kD!IL@7!protein!produces!a!54kD!heterodimer.!When!IL@7!was!imaged!on!the!western!blot!it!was!located!between!the!50!and!60kD!protein!markers,!thus!indicating!the!dimerized!form!was!likely!being!detected.!A!follow!up!western!blot!to!confirm!the!presence!of!HGF@β!would!have!been!ideal,!but!the!reagents!were!not!readily!accessible.!! !
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Figure'5)'Western'Blot'of'TSH,'IL)7'and'ACTB'!
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6.#DISCUSSION#AND#CONCLUSION#
! !Thyroid!stimulating!hormone!is!found!in!several!extra!pituitary!sources!in!the!body.!In!addition!to!the!functions!TSH!has!in!regulating!metabolism,!it!also!plays!a!role!in!the!immune?endocrine!network,!and!is!expressed!in!lymphocytes,!T?cells,!intestinal!epithelia,!and!keratinocytes.!The!objective!of!this!project!was!to!evaluate!human!cervical!derived!epithelial!cell!lines!as!an!additional!source!of!TSH!production.!!In!the!2005!study!by!Scofield!et!al.,!TSH!expression!was!investigated!in!the!intestinal!villi!of!the!mouse!small!intestine.!They!found!that!in!the!intestinal!villi!TSH!is!localized!to!cryptopatches!that!co?express!IL?7!and!c?kit,!locations!are!thought!to!be!the!primary!development!sites!of!intestinal!epithelial!lymphocytes!(IELs).!When!these!cells!were!exposed!to!rotavirus!infection,!TSH!expression!in!the!cells!increased.!They!postulated!that!TSH!is!being!re?activated!in!the!infected!cells,!either!as!a!response!to!signaling!within!the!cells!or!from!TRH!produced!by!nearby!IELs,!and!this!increase!in!TSH!levels!may!play!a!role!in!activating!the!IELs!in!response!to!a!viral!antigen!being!present.!!! In!the!cervical!cell!lines!examined,!this!TSH?IL?7!relationship!seemed!to!be!maintained!to!a!degree.!The!best!example!was!in!the!non?cancerous!ECT?1!cell!line,!which!had!a!much!higher!expression!of!IL?7!than!any!of!the!other!cell!types,!and!also!had!the!second!highest!expression!of!TSH.!The!other!cell!type!that!had!
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detectable!levels!of!IL?7!expression!was!the!SW756!cell!line,!and!it!also!had!the!highest!level!of!TSH!expression.!The!C33A!and!HeLa!cell!lines!did!not!have!detectable!IL?7!mRNA!expression,!but!seemed!to!have!low!levels!of!detectable!IL?7!protein,!and!were!the!lowest!TSH!producers.!! The!effect!of!viral!infection!in!the!cervical!cell!lines!on!TSH!production!cannot!be!determined!from!this!small!study,!although!it!is!notable!that!expression!was!greater!in!the!HPV?infected!normal!epithelial!line!(Ect1)!than!the!non?infected!epithelial!carcinoma!line!(C33A).!The!mouse!study!referenced!above!was!performed!on!whole!tissues!so!interactions!between!cell!types!could!be!observed.!In!the!cervical!cell!lines!analyzed,!the!two!highest!producers!of!TSH!transcript!were!both!HPV!positive,!but!with!only!four!cell!types!it!is!difficult!to!make!any!conclusions.!Determining!the!effect!of!HPV!infection!on!TSH!production!was!not!a!goal!of!this!particular!paper,!but!the!idea!that!TSH!might!have!a!functional!role!in!HPV!infection!and!subsequent!carcinogenesis!was!a!component!of!our!initial!hypothesis.!In!the!mouse!intestinal!villi!study!viral!infection!up?regulated!TSH!expression.!It!will!be!interesting!to!expand!this!study!into!a!much!larger!sample!set!that!can!appropriately!evaluate!the!relationship!between!TSH!expression!and!HPV!infection.!!This!study!was!an!important!first!step!in!determining!whether!TSH!is!produced!by!cervical!epithelium!and!it’s!functions.!!The!objective!was!to!begin!with!a!cell!culture!system!for!preliminary!testing.!!It!is!acknowledged!that!this!preliminary!analysis!has!a!few!shortfalls.!First!and!foremost!is!that!no!good!
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“normal”!or!control!cell!line!was!identified.!Commercial!non?transformed!human!cervical!epithelial!cell!lines!were!simply!unavailable!for!the!study.!Confirmation!of!TSH!expression!in!tissue!or!a!primary!cell!line!would!be!optimal!because!it!more!closely!mimics!in!vitro!conditions.!Now!that!our!data!has!shown!the!presence!of!TSH!in!cell!lines,!primary!cell!or!tissue!experiments!would!be!an!appropriate!follow?up.!Another!potential!issue!with!the!way!this!project!was!designed!is!that!all!the!cell!lines!were!morphologically!different!and!no!conclusive!comparisons!could!be!made!to!determine!whether!cancer!state!or!viral!infection!had!any!effect!on!TSH!production.!To!some!extent,!this!reflects!the!nature!of!cell!culture!experiments!versus!primary!tissue!analysis.!Conversely!though,!the!inclusion!of!several!types!of!cervical!epithelial!cell!lines!makes!a!better!case!that!TSH!is!likely!expressed!in!all!lines!and!not!just!cell!lines!with!a!certain!phenotype.!!These!results!would!justify!additional!work!to!examine!expression!in!tissue!biopsies!or!tissues!from!other!sources.! !There!are!several!future!directions!for!this!research!to!go!into!that!are!beyond!the!scope!of!this!initial!project.!First!would!be!to!determine!the!role!of!TSH!in!cervical!epithelial!cells,!and!to!answer!the!question!of!why!this!protein!is!being!expressed!in!this!tissue.!In!other!tissues!TSH!plays!a!role!in!the!immune?endocrine!network,!and!it!would!be!reasonable!to!hypothesize!it!has!the!same!function!in!cervical!cells.!As!with!the!intestinal!villi!studied!in!the!Scofield!paper,!the!cervical!epithelia!cells!act!as!a!barrier!between!internal!and!external!spaces.!Therefore!it!would!be!important!in!to!have!similar!mechanisms!in!the!cervical!cells!to!protect!
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against!a!potential!viral!threat!as!those!seen!in!the!intestinal!villi.!This!possible!TSH!action!in!response!to!a!viral!infection!would!be!another!future!direction!of!study.!A!larger!study!would!be!needed!to!look!at!more!cell!types!and!determine!if!HPV!infection!or!even!the!resulting!cancerous!state!effect!expression!of!TSH,!or!if!it!plays!a!role!in!the!epidemiology.!The!cancerous!phenotype!is!highly!variable!and!different!forms!of!cancer!cells!act!very!differently!from!each!other!and!could!have!varying!effects!on,!or!interactions!with,!the!regulatory!pathways!that!are!associated!with!TSH!in!cervical!epithelial!cells.!This!project!has!provided!physical!data!to!show!strong!evidence!that!TSH!is!produced!in!several!cervical!epithelial!cell!lines.!It!has!also!shown!that!TSH!is!expressed!in!a!relatively!consistent!manner!despite!differences!in!phenotype!of!the!cell!lines.!This!project!has!also!shown!that!IL?7!mRNA!is!expressed!at!detectable!levels!in!two!cervical!cell!lines,!and!that!western!blot!detected!IL?7!protein!is!present!in!all!cell!lines.!This!project!was!simple!in!design!and!effective!in!showing!that!the!genes!of!interest!are!being!expressed!in!several!cervical!cell!lines.!This!research!provides!data!that!establishes!a!foundation!for!further!research!to!address!the!functional!role!of!TSH!in!cervical!epithelium.!!!! !
!!!!
!35!
LITERATURE#CITED#
!Ajay!AK,!Meena!AS,!Bhat!MK.!Human!papillomavirus!18!E6!inhibits!phosphorylation!of!p53!expressed!in!HeLa!cells.!Cell!&!Bioscience.!BioMed!Central!Ltd;!2012!Jan!13;2(1):2.!!Bodo!E,!Kany!B,!Gaspar!E,!Knuver!J,!Kromminga!A,!Ramot!Y,!et!al.!Thyroid?Stimulating!Hormone,!a!Novel,!Locally!Produced!Modulator!of!Human!Epidermal!Functions,!Is!Regulated!by!Thyrotropin?Releasing!Hormone!and!Thyroid!Hormones.!Endocrinology.!2010!Mar!23;151(4):1633–42.!!Carter!JJ,!Koutsky!LA,!Hughes!JP,!Lee!SK,!Kuypers!J,!Kiviat!N,!et!al.!Comparison!of!human!papillomavirus!types!16,!18,!and!6!capsid!antibody!responses!following!incident!infection.!J!Infect!Dis.!2000!Jun;181(6):1911–9.!!Cavalieri!RR.!Iodine!metabolism!and!thyroid!physiology:!current!concepts.!Thyroid.!1997!Apr;7(2):177–81.!!Chakrabarti!O,!Krishna!S.!Molecular!interactions!of!“high!risk”!human!papillomaviruses!E6!and!E7!oncoproteins:!implications!for!tumour!progression.!J!Biosci.!2003!Apr;28(3):337–48.!!Chow!LT,!Broker!TR.!Papillomavirus!DNA!replication.!Intervirology.!1994;37(3?4):150–8.!!Conger!KL,!Liu!JS,!Kuo!SR,!Chow!LT,!Wang!TS.!Human!papillomavirus!DNA!replication.!Interactions!between!the!viral!E1!protein!and!two!subunits!of!human!dna!polymerase!alpha/primase.!J!Biol!Chem.!1999!Jan!29;274(5):2696–705.!!Davies!TF,!Yin!X,!Latif!R.!The!Genetics!of!the!Thyroid!Stimulating!Hormone!Receptor:!History!and!Relevance.!Thyroid.!2010!Jul;20(7):727–36.!!Davis!GE,!Camarillo!CW.!An!alpha!2!beta!1!integrin?dependent!pinocytic!mechanism!involving!intracellular!vacuole!formation!and!coalescence!regulates!capillary!lumen!and!tube!formation!in!three?dimensional!collagen!matrix.!Exp!Cell!Res.!1996!Apr!10;224(1):39–51.!!Demeret!C,!Garcia?Carranca!A,!Thierry!F.!Transcription?independent!triggering!of!the!extrinsic!pathway!of!apoptosis!by!human!papillomavirus!18!E2!protein.!Oncogene.!2003!Jan!16;22(2):168–75.!!
!!!!
!36!
Demeret!C,!Yaniv!M,!Thierry!F.!The!E2!transcriptional!repressor!can!compensate!for!Sp1!activation!of!the!human!papillomavirus!type!18!early!promoter.!J!Virol.!1994!Nov!1;68(11):7075–82.!!DiMaio!D,!Mattoon!D.!Mechanisms!of!cell!transformation!by!papillomavirus!E5!proteins.!Oncogene.!2001!Nov!26;20(54):7866–73.!!Doorbar!J.!Molecular!biology!of!human!papillomavirus!infection!and!cervical!cancer.!Clinical!Science.!2006!May!1;110(5):525.!!Doorbar!J,!Ely!S,!Sterling!J,!McLean!C,!Crawford!L.!Specific!interaction!between!HPV?16!E1?E4!and!cytokeratins!results!in!collapse!of!the!epithelial!cell!intermediate!filament!network.!Nature.!1991!Aug!29;352(6338):824–7.!!Finnen!RL,!Erickson!KD,!Chen!XS,!Garcea!RL.!Interactions!between!Papillomavirus!L1!and!L2!Capsid!Proteins.!J!Virol.!2003!Apr!15;77(8):4818–26.!!Frattini!MG,!Hurst!SD,!Lim!HB,!Swaminathan!S,!Laimins!LA.!Abrogation!of!a!mitotic!checkpoint!by!E2!proteins!from!oncogenic!human!papillomaviruses!correlates!with!increased!turnover!of!the!p53!tumor!suppressor!protein.!The!EMBO!Journal.!1997!Jan!15;16(2):318–31.!!García?Jiménez!C,!Santisteban!P.!TSH!signalling!and!cancer.!Arq!Bras!Endocrinol!Metabol.!2007!Jul;51(5):654–71.!!Gogakos!AI,!Bassett!JHD,!Williams!GR.!Thyroid!and!bone.!Archives!of!Biochemistry!and!Biophysics.!Elsevier!Inc;!2010!Nov!1;503(1):129–36.!!Gross?Mesilaty!S,!Reinstein!E,!Bercovich!B,!Tobias!KE,!Schwartz!AL,!Kahana!C,!et!al.!Basal!and!human!papillomavirus!E6!oncoprotein?induced!degradation!of!Myc!proteins!by!the!ubiquitin!pathway.!Proc!Natl!Acad!Sci!USA.!1998!Jul!7;95(14):8058–63.!!Grossmann!M.!Novel!Insights!into!the!Molecular!Mechanisms!of!Human!Thyrotropin!Action:!Structural,!Physiological,!and!Therapeutic!Implications!for!the!Glycoprotein!Hormone!Family.!Endocrine!Reviews.!1997!Aug!1;18(4):476–501.!!Harvey!S,!Arámburo!C,!Sanders!EJ.!Extrapituitary!production!of!anterior!pituitary!hormones:!an!overview.!Endocrine.!2011!Nov!15;41(1):19–30.!!Hausen!H.!Papillomavirus!infections??a!major!cause!of!human!cancers.!Biochim!Biophys!Acta.!1996!Oct!9;1288(2):F55–78.!!Hoffmann!S.!Thyrotropin!(TSH)?Induced!Production!of!Vascular!Endothelial!
!!!!
!37!
Growth!Factor!in!Thyroid!Cancer!Cells!in!Vitro:!Evaluation!of!TSH!Signal!Transduction!and!of!Angiogenesis?Stimulating!Growth!Factors.!Journal!of!Clinical!Endocrinology!&!Metabolism.!2004!Dec!1;89(12):6139–45.!!Jansen!J,!Friesema!ECH,!Milici!C,!Visser!TJ.!Thyroid!hormone!transporters!in!health!and!disease.!Thyroid.!2005!Aug;15(8):757–68.!!Japon!MA,!Rubinstein!M,!Low!MJ.!In!situ!hybridization!analysis!of!anterior!pituitary!hormone!gene!expression!during!fetal!mouse!development.!Journal!of!Histochemistry!&!Cytochemistry.!1994!Aug!1;42(8):1117–25.!!Jeon!S,!Allen?Hoffmann!BL,!Lambert!PF.!Integration!of!human!papillomavirus!type!16!into!the!human!genome!correlates!with!a!selective!growth!advantage!of!cells.!J!Virol.!1995!May;69(5):2989–97.!!Jones!EE,!Wells!SI.!Cervical!cancer!and!human!papillomaviruses:!inactivation!of!retinoblastoma!and!other!tumor!suppressor!pathways.!Current!molecular!medicine.!2006.!!Kelberman!D,!Rizzoti!K,!Lovell?Badge!R,!Robinson!ICAF,!Dattani!MT.!Genetic!Regulation!of!Pituitary!Gland!Development!in!Human!and!Mouse.!Endocrine!Reviews.!2009!Dec!7;30(7):790–829.!!Kirwan!JM,!Herrington!CS.!Human!papillomavirus!and!cervical!cancer:!where!are!we!now?!BJOG.!2001!Dec;108(12):1204–13.!!Klein!JR.!Physiological!Relevance!of!Thyroid!Stimulating!Hormone!and!Thyroid!Stimulating!Hormone!Receptor!in!Tissues!other!than!the!Thyroid.!Autoimmunity.!2003!Jan;36(6?7):417–21.!!Klein!JR.!The!immune!system!as!a!regulator!of!thyroid!hormone!activity.!Exp!Biol!Med!(Maywood).!2006!Mar;231(3):229–36.!!Kleinau!G,!Krause!G.!Thyrotropin!and!Homologous!Glycoprotein!Hormone!Receptors:!Structural!and!Functional!Aspects!of!Extracellular!Signaling!Mechanisms.!Endocrine!Reviews.!2009!Feb!23;30(2):133–51.!!Koutsky!LA,!Harper!DM.!Chapter!13:!Current!findings!from!prophylactic!HPV!vaccine!trials.!Vaccine.!2006!Aug;24:S114–21.!!Kress!E,!Samarut!J,!Plateroti!M.!Thyroid!hormones!and!the!control!of!cell!proliferation!or!cell!differentiation:!Paradox!or!duality?!Molecular!and!Cellular!Endocrinology.!2009!Dec!10;313(1?2):36–49.!!Li!B,!Dou!QP.!Bax!degradation!by!the!ubiquitin/proteasome?dependent!pathway:!
!!!!
!38!
involvement!in!tumor!survival!and!progression.!2000.!!Livak!KJ,!Schmittgen!TD.!Analysis!of!Relative!Gene!Expression!Data!Using!Real?Time!Quantitative!PCR!and!the!2−ΔΔCT!Method.!Methods.!2001!Dec;25(4):402–8.!!Mackall!CL.!A!fine!romance:!IL?7!and!HGFbeta.!Blood.!2006!Mar!1;107(5):1739–40.!!Mansourian!AR.!Metabolic!pathways!of!tetraidothyronine!and!triidothyronine!production!by!thyroid!gland:!a!review!of!articles.!Pak!J!Biol!Sci.!2011!Jan!1;14(1):1–12.!!Miranda!ER!de,!De!Marco!L,!Soares!MMS.!Splicing!variants!impact!in!thyroid!normal!physiology!and!pathological!conditions.!Arq!Bras!Endocrinol!Metabol.!2009!Aug;53(6):709–15.!!Nihon?Yanagi!Y,!Terai!K,!Murano!T,!Kawai!T,!Kimura!S,!Okazumi!S.!β?2!microglobulin!is!unsuitable!as!an!internal!reference!gene!for!the!analysis!of!gene!expression!in!human!colorectal!cancer.!Biomed!Rep.!2013!Mar;1(2):193–6.!!Rapoport!B.!The!Thyrotropin!(TSH)?Releasing!Hormone!Receptor:!Interaction!with!TSH!and!Autoantibodies.!Endocrine!Reviews.!1998!Dec!1;19(6):673–716.!!Reinehr!T.!Obesity!and!thyroid!function.!Molecular!and!Cellular!Endocrinology.!2010!Mar;316(2):165–71.!!Rose!SR.!TSH!Function!and!Secretion.!Encyclopedia!of!Endocrine!Diseases.!2004!Mar!3;Volume!4:1–7.!!Schaefer!JS,!Klein!JR.!A!novel!thyroid!stimulating!hormone!β?subunit!isoform!in!human!pituitary,!peripheral!blood!leukocytes,!and!thyroid.!General!and!Comparative!Endocrinology.!Elsevier!Inc;!2009!Jul!1;162(3):241–4.!!Scheffner!M,!Werness!BA,!Huibregtse!JM,!Levine!AJ.!The!E6!oncoprotein!encoded!by!human!papillomavirus!types!16!and!18!promotes!the!degradation!of!p53.!Cell.!1990.!!Schlumberger!M,!Sherman!SI.!ENDOCRINE!TUMOURS:!Approach!to!the!patient!with!advanced!differentiated!thyroid!cancer.!European!Journal!of!Endocrinology.!2011!Dec!7;166(1):5–11.!!Scofield!VL,!Montufar?Solis!D,!Cheng!E,!Estes!M,!Klein!JR.!Intestinal!TSH!production!is!localized!in!crypt!enterocytes!and!in!villus!“hotblocks”!and!is!coupled!to!IL?7!production:!evidence!for!involvement!of!TSH!during!acute!enteric!virus!
!!!!
!39!
infection.!Immunology!Letters.!2005!Jun!15;99(1):36–44.!!Sheet!CF.!Genital!HPV!Infection.!Centers!for!Disease!Control!and!Prevention!(CDC).!2008.!!Sheng!HZ,!Westphal!H.!Early!steps!in!pituitary!organogenesis.!Trends!Genet.!1999!Jun;15(6):236–40.!!Smotkin!D,!Prokoph!H,!Wettstein!FO.!Oncogenic!and!nononcogenic!human!genital!papillomaviruses!generate!the!E7!mRNA!by!different!mechanisms.!J!Virol.!1989!Mar;63(3):1441–7.!!Southern!SA,!Herrington!CS.!Disruption!of!cell!cycle!control!by!human!papillomaviruses!with!special!reference!to!cervical!carcinoma.!Int!J!Gynecol!Cancer.!2000!Jul;10(4):263–74.!!Steinfelder!HJ,!Wondisfor!FE.!Thyrotropin(TSH)J?subunitgenexpresion?anexampleforthecomplex!regulationofpituitaryhormonegen.!Experimental!and!Clinical!Endocrinology!and!Diabetes.!1997!Jan!3;105:196–203.!!Szkudlinski!MW,!Fremont!V,!Ronin!C,!Weintraub!BD.!Thyroid?stimulating!hormone!and!thyroid?stimulating!hormone!receptor!structure?function!relationships.!Physiol!Rev.!2002!Apr;82(2):473–502.!!Thierry!F,!Yaniv!M.!The!BPV1?E2!trans?acting!protein!can!be!either!an!activator!or!a!repressor!of!the!HPV18!regulatory!region.!The!EMBO!Journal.!1987.!!Thomas!M,!Banks!L.!Inhibition!of!Bak?induced!apoptosis!by!HPV?18!E6.!Oncogene.!1998!Dec!10;17(23):2943–54.!!Vandesompele!J,!De!Preter!K,!Pattyn!F,!Poppe!B,!Van!Roy!N,!De!Paepe!A,!et!al.!Accurate!normalization!of!real?time!quantitative!RT?PCR!data!by!geometric!averaging!of!multiple!internal!control!genes.!Genome!Biol.!2002!Jun!18;3(7):RESEARCH0034.!!Varghese!S,!Montufar?Solis!D,!Vincent!BH,!Klein!JR.!Virus!infection!activates!thyroid!stimulating!hormone!synthesis!in!intestinal!epithelial!cells.!J!Cell!Biochem.!2008!Sep!1;105(1):271–6.!!Walboomers!JM,!Jacobs!MV,!Manos!MM,!Bosch!FX,!Kummer!JA,!Shah!KV,!et!al.!Human!papillomavirus!is!a!necessary!cause!of!invasive!cervical!cancer!worldwide.!J!Pathol.!1999!Sep;189(1):12–9.!!Wang!HC.!An!intrinsic!thyrotropin?mediated!pathway!of!TNF?alpha!production!by!bone!marrow!cells.!Blood.!2002!Jun!28;101(1):119–23.!!
!!!!
!40!
Wang!J.!Dynamic!regulation!of!intestinal!immunity!by!hormones!of!the!hypothalamus?pituitary?thyroid!axis.!Adv!Neuroimmunol.!1996;6(4):407–17.!!Wood!WM,!Dowding!JM,!Gordon!DF,!Ridgway!EC.!An!upstream!regulator!of!the!glycoprotein!hormone!alpha?subunit!gene!mediates!pituitary!cell!type!activation!and!repression!by!different!mechanisms.!J!Biol!Chem.!1999!May!28;274(22):15526–32.!!You!J,!Croyle!JL,!Nishimura!A,!Ozato!K,!Howley!PM.!Interaction!of!the!bovine!papillomavirus!E2!protein!with!Brd4!tethers!the!viral!DNA!to!host!mitotic!chromosomes.!Cell.!2004!Apr!30;117(3):349–60.!!Zielke!A,!Hoffmann!S,!Plaul!U,!Duh!QY.!Pleiotropic!effects!of!thyroid!stimulating!hormone!in!a!differentiated!thyroid!cancer!cell!line.!Studies!on!proliferation,!thyroglobulin!secretion,!adhesion,!migration!and!….!Experimental!and!….!1999.!!!!!
#
